Introduction {#s001}
============

In 2018, bladder tumor (BT) was the second most common malignancy of the genitourinary tract with almost 80,000 newly diagnosed cases and almost 17,000 deaths in the USA (Siegel et al., [@B25]). The treatment schemes for BT such as surgical techniques, including minimally invasive surgery are various, and there has been an improvement in the understanding of multimodal treatments involving radiotherapy, chemotherapy, and immunotherapy (DeGeorge et al., [@B8]). These treatments are considered costly and bring a huge economic burden to patients. The high recurrence rate and unsatisfactory 5-year overall survival rate for BT are still in need of improvement (Jin et al., [@B12]). Thus, novel treatments for BT need to be identified.

Adipose-derived stem cells (ADSCs) isolated from the stromal vascular fraction of adipose tissue share the same characteristics as mesenchymal stem cells (MSCs) and can differentiate into adipogenic, myogenic, osteogenic, chondrogenic, and neurogenic cells (Nielsen et al., [@B21]; Zachar et al., [@B35]). Currently, many studies have linked many important growth factors, cytokines, and chemokines secreted by ADSCs and MSCs to cancer development and progression (Chen et al., 2018; Chu et al., [@B7]; Gazdic et al., [@B10]; Lu et al., [@B19]). However, there is debate over the ability of ADSCs to support or suppress tumor cell proliferation (Chu et al., [@B6]; Jing et al., [@B13]; Yu et al., [@B34]).

The present study was designed to reveal the effects of ADSCs on the growth of BT cells and to explore the underlying mechanisms of these effects. In this study, we provide evidence that secretome of ADSCs were able to influence T24 cells and EJ cells proliferation/apoptosis by S phase arrest and Wnt/β-catenin pathway. Maybe ADSCs secretome can be used as a treatment for BT patients in the future.

Materials and Methods {#s002}
=====================

Chemicals and reagents {#s003}
----------------------

Collagenase I was purchased from Sigma-Aldrich (St. Quentin Fallavier, France). Fetal bovine serum (FBS) for ADSCs was purchased from Gibco (Paris, France). Trypsin, Dulbecco\'s modified Eagle\'s medium with high glucose (DMEM), penicillin, streptomycin, and phosphate-buffered saline (PBS) were provided by HyClone (Cergy-Pontoise, France).

ADSC preparation and culture {#s004}
----------------------------

Adipose tissue was obtained from the subcutaneous fat of 10 patients who underwent renal resection without tumor at the Department of Urology in Renmin Hospital of Wuhan University. All donors provided written informed consent. This study was conducted according to institutional guidelines and an approved protocol. ADSCs were isolated and cultured as we previously described (Yu et al., [@B34]). The researcher washed adipose tissue samples with sterile PBS to remove debris and red blood cells and then cut them into tiny pieces.

The tissues were digested by 0.1% collagenase I in DMEM at 37°C for 60 minutes with gentle agitation. Then, the mixture was centrifuged for 10 minutes at 1000 r/min. The cellular precipitate was then resuspended and filtered through a 100-m mesh filter. The filtrate was plated onto cell culture plates in the indicated culture medium (DMEM with 10% FBS) and maintained in an incubator at 37°C in 5% CO~2~ in the indicated culture medium (DMEM with 10% FBS). Cells at passages 3--6 were used for subsequent experiments.

Cancer cell culture {#s005}
-------------------

SV-HUC, T24, and EJ cells were purchased from the Institute of Urology, Peking University. SV-HUC cells were cultured in F-12K containing 10% FBS. T24 and EJ cells were cultured in DMEM containing 10% FBS. Cells were grown in an incubator at 37°C in 5% CO~2~.

Conditioned medium collection {#s006}
-----------------------------

About 5 × 10^4^ cells were cultured in complete medium in 6-well plates for 24 hours. The conditioned medium was collected from cultured cells after incubation in a serum-free medium for 24 hours. The medium was then filtered and used immediately, or stored at −80°C.

Cell number assessment {#s007}
----------------------

Cells were cultured in 6-well plates for 24 hours, before serum starvation for 16 hours. Test groups were cocultured with ADSCs in a 1.0 μm transwell membrane for another 48 hours. Control groups were cultured with tumor cells. Cell number was counted by using a cell counter model (Muse).

Cell viability assay {#s008}
--------------------

Cells were cultured in 96-well plates for 24 hours, before serum starvation for 16 hours. Test groups were cultured in ADSC-CM for another 48 hours in triplicate. Control groups were cultured in normal medium. Cell viability was then measured by MTS assay (CellTiter96 AQueous Assay; Promega, France).

Cell cycle distribution analysis {#s009}
--------------------------------

Cells were cultured at concentrations to yield 40%--50% before treated with ADSC-CM or normal medium. After 48 hours, cells were harvested and washed twice with PBS, then centrifuged. The samples were fixed with 70% ethanol for at least 12 hours at 4°C. The cells were washed with PBS once to remove the ethanol and resuspended with propidium iodide solution (0.05 mg/mL) containing Triton-100 and RNase, incubated at 37°C for 30 minutes in the dark. DNA content was then analyzed using the FC500 flow cytometer.

Western blot analysis {#s010}
---------------------

Cells were cultured for 48 hours with ADSC-CM or normal medium. Total protein extracts were obtained by lysing cells in cold radioimmunoprecipitation assay (RIPA) buffer with 1% phenylmethanesulfonyl fluoride (PMSF). Equal amounts of cell extract were resolved by SDS-PAGE and transferred onto nitrocellulose filter membrane (Millipore, Bedford, MA) and blocked with 5% nonfat milk in Tris-buffered saline (TBS)/Tween (0.05% Tween-20 in TBS). Blots were probed with glyceraldehyde-3-phosphate dehydrogenase (GAPDH), Cyclin A, CDK1, and β-catenin antibodies (CST, Beverly, MA). At last, they were developed using a Chemiluminescence Kit (Millipore) with G:BOX Chemi XL1. GENESys (Syngene, Cambridge, UK).

Apoptosis assay {#s011}
---------------

Cells were harvested after been treated with the ADSC-CM or T24-CM for 48 hours, washed with PBS twice, resuspended in 1 × binding buffer at a concentration of about 1 × 10^6^ cells/mL. We used a FITC Annexin V Apoptosis Detection Kit I (BD Biosciences). Five micro liter annexin V--FITC and 5 μL 7-AAD was added into 100 μL solution and left it in the dark for 15 minutes. Then 400 μL 1 × binding buffer was added into the mixture. Cells were analyzed by flow cytometry using CELL Quest Pro software.

Assessment of activated caspase-3/7 {#s012}
-----------------------------------

A caspase-3/7 activation assay was performed using a Caspase-Glo™ 3/7 Assay Kit (Promega, France) in accordance with the protocol. T24 cells were cultured in 24-well plates for 24 hours, before serum starvation for 16 hours. Test groups were cultured in ADSC-CM for another 48 hours, while control groups were cultured in T24-CM. Caspase-Glo 3/7 reagent (100 μL) was then added to each well, and the plate was incubated at room temperature for 1 hour. The luminescence of each sample was measured with a GloMax-Multi Detection System (Promega).

Statistical analysis {#s013}
--------------------

All data were analyzed by SPSS software (version 20.0). The results are expressed as the mean ± standard deviation. Statistical analyses were performed using Student\'s *t*-test. *p* \< 0.05 was considered significant. All means were calculated from at least three independent experiments.

Results {#s014}
=======

ADSCs inhibited the proliferation and viability of T24 and EJ cells {#s015}
-------------------------------------------------------------------

ADSCs had a significant inhibitory effect on the proliferation of T24 and EJ cells. The number was not reduced when SV-HUC cells were cocultured with ADSCs ([Fig. 1A](#f1){ref-type="fig"}), while a significant dose-dependent reduction in T24 ([Fig. 1C](#f1){ref-type="fig"}) and EJ ([Fig. 1E](#f1){ref-type="fig"}) cells number was observed at both 1:3 and 1:1 ratios with ADSCs. Next, we examined the viability of cells in the presence of ADSC-CM. As shown, ADSC-CM showed no significant inhibition in SV-HUC ([Fig. 1B](#f1){ref-type="fig"}) cells, but inhibited the viability of T24 ([Fig. 1D](#f1){ref-type="fig"}) and EJ ([Fig. 1F](#f1){ref-type="fig"}) cells in a dose-dependent manner compared to that observed in control cells.

![Effect of ADSCs on the growth and viability of SV-HUC, T24, and EJ cells. SV-HUC, T24, and EJ cells were, respectively, cocultured with SV-HUC, T24, and EJ or ADSCs at ratios of 1:1 and 3:1. The growth **(A)** or viability **(B)** of SV-HUC treated by ADSCs or ADSC-CM showed no significance versus control. The number of T24 **(C)** and EJ **(E)** cells was less in the treated group than the control group in dose-dependent manner. T24 **(D)** and EJ **(F)** cells viability was also inhibited by ADSC-CM in dose-dependent manner. Data shown are the mean ± SD of three independent experiments (\*\**p* \< 0.01 vs. control). ADSCs, adipose-derived stem cells; SD, standard deviation.](fig-1){#f1}

ADSC-CM interfered with T24 and EJ cells proliferation by inducing cell cycle arrest {#s016}
------------------------------------------------------------------------------------

Western blotting was carried out to detect the impact of ADSC-CM on the expression of cyclin A and CDK1. The western blot showed that cyclin A level was increased and CDK1 level was decreased in ADSC-CM-treated T24 and EJ cells, but not in SV-HUC cells ([Fig. 2A](#f2){ref-type="fig"}).

![The western blot showed that cyclin A level was increased and CDK1 level was decreased in ADSC-CM-treated T24 and EJ cells, but not in SV-HUC cells **(A)**. Densitometry analysis of western blots showed quantitation of CDK1 **(B)** and cyclin A **(C)** levels. Cell cycle analysis of SV-HUC, T24, and EJ cells. There is no significance in SV-HUC groups **(D)**. It shows an obvious S phase arrest with a concomitant decrease of cell number in G1 phase of the cell cycle in ADSC-CM-treated T24 **(E)** and EJ **(F)** cells. (\*\**p* \< 0.01 vs. control).](fig-2){#f2}

The expression of CDK1 ([Fig. 2B](#f2){ref-type="fig"}) was decreased, whereas cyclin A ([Fig. 2C](#f2){ref-type="fig"}) was increased in the ADSC-CM groups, suggesting that ADSC-CM evoked S phase arrest in T24 and EJ cells possibly through the dysregulation of CDK1 and cyclin A. Cell cycle analysis showed that there is no significance in SV-HUC groups ([Fig. 2D](#f2){ref-type="fig"}), while 43.8% of the T 24 cells in the ADSC-CM groups were arrested at the S phase, 7.7% were arrested at the G2/M phase, and 48.5% were arrested at the G1 phase of the cell cycle, whereas 30.8% of the cells in T24-CM groups were arrested at the S phase, 8.7% were arrested at the G2/M phase, and 61.5% were arrested at the G1 phase of the cell cycle ([Fig. 2E](#f2){ref-type="fig"}). The similar result was carried out in T24-CM-treated EJ cells ([Fig. 2F](#f2){ref-type="fig"}).

Induction of apoptosis in T24 cells by ADSC-CM {#s017}
----------------------------------------------

Despite the inhibitory effects of ADSC-CM on proliferation and viability mentioned above as well as the ability of ADSC-CM to induce S phase arrest, we speculated whether ADSC-CM also induced apoptosis in T24 cells. Apoptosis was observed more frequently in the ADSC-CM groups than in T24-CM groups. The ratio of apoptotic cells was significantly higher in the ADSC-CM groups ([Fig. 3A](#f3){ref-type="fig"}) than in the T24-CM groups ([Fig. 3B](#f3){ref-type="fig"}). Consistent with the results of MTS assay, these results revealed that ADSC-CM induced cellular apoptosis ([Fig. 3C](#f3){ref-type="fig"}).

![ADSC-CM treatment induces apoptosis in T24 cells. Cells were analyzed by flow cytometry. The gate setting distinguished between living (*bottom left*), necrotic (*top left*), early apoptotic (*bottom right*), and late apoptotic (*top right*) cells. The apoptosis of T24 cells was increased in the ADSC-CM groups **(A)** than the T24-CM groups **(B)** from three independent experiments **(C)**. (\*\**p* \< 0.01 vs. control).](fig-3){#f3}

The mechanism of apoptosis in T24 cells induced by ADSC-CM. Caspase 3/7 was activated when cells underwent apoptosis.

In the ADSC-CM groups, caspase 3/7 expression was significantly increased compared with that in the T24-CM groups ([Fig. 4](#f4){ref-type="fig"}).

![Caspase 3/7 was measured in T24 cells treated with ADSC-CM or T24-CM. RLU of the cells with ADSC-CM to those with T24-CM was expressed as caspase 3/7 activity. (\*\**p* \< 0.01 vs. control). RLU, relative luminescence.](fig-4){#f4}

ADSC-CM activates Wnt/β-catenin signaling in T24 cells {#s018}
------------------------------------------------------

To determine the association between ADSC-CM and the activation level of Wnt/β-catenin signaling pathway, western blot analysis was used to assess the impacts of ADSC-CM on Wnt/β-catenin signaling pathway in T24 cells. The expression of β-catenin was shown. While cultured in ADSC-CM, the expression of β-catenin was less than being cultured in T24-CM ([Fig. 5A, B](#f5){ref-type="fig"}). The result indicated that ADSC-CM could affect the activity of Wnt/β-catenin pathway in T24 cells.

![The western blot showed β-catenin level was decreased in ADSC-CM groups **(A)**. Densitometry analysis of western blots showed quantitation of β-catenin level **(B)**. (\*\**p* \< 0.01 vs. control).](fig-5){#f5}

Discussion {#s019}
==========

In a series of experiments, we examined the antiproliferative and proapoptotic effects of ADSCs on T24 and EJ cells. Coculture experiments suggested that ADSCs directly inhibited T24 and EJ cell proliferation in a dose-dependent manner. Then, we treated T24 and EJ cells with ADSC-CM to determine whether some secreted factors were involved in this inhibition. We found that ADSC-CM attenuated T24 and EJ cell viability in a dose-dependent manner.

These results suggested that ADSCs may secrete some soluble factors that influence T24 and EJ cell growth. Many studies have reported that the soluble factors of ADSCs (such as DKK-1, SDF-1, TGF-β. and RANTES), prostaglandins (such as PGE2, PGI2 and PGJ2) or interleukins (such as IL6, IL8, GSF, and IL11) have different effects on different tumors (Lamfers et al., [@B18]; Vilalta et al., [@B30]; Yu et al., [@B34]; Zhu et al., [@B41]).

Hariharan found that IL6 secreted by adipose tissue influenced the migration of BT cells and enhanced tumor progression (Hariharan et al., [@B11]). The researches on ADSC originated IL6 showed that it was a key promoter of BT progression (Chu et al., [@B7]; Lu et al., [@B19]). DKK-1, SDF-1, TGF-β, and RANTES have been found to increase the risk of developing bladder cancer in lots of researches (Fan et al., [@B9]; Kumari et al., [@B17]; Sun et al., [@B27]; Zhang et al., [@B37]).

However, this research based on the use of a conditioned medium suggested that the paracrine activity of ADSCs exert antitumor progression effects. We did not know which soluble factor was responsible for the observed effects. May be it referred to extracellular vesicles (EVs), such as apoptotic bodies and exosomes. Wu reported that EVs from human umbilical cord Wharton\'s jelly MSCs reversed the development of BT cells possibly by downregulating phosphorylation of Akt and upregulating cleaved caspase-3 (Wu et al., [@B32]).

Another research showed that ADSCs-derived exosomes inhibited prostate cancer via delivery of miR-145 by promoting apoptosis through the caspase-3/7 pathway and reducing the activity of Bcl-xL (Takahara et al., [@B29]). In the same way, EVs were found to inhibit proliferation and to promote apoptosis in Kaposi\'s sarcoma, liver carcinoma, and ovarian tumor cell lines (Bruno et al., [@B2]). Higher miRNA content as well as superior amounts of cytokines and adhesion molecules in exosomes might also be involved in the tumor-promoting effects. So, we intended to isolate exosome for further research.

According to the above results, ADSCs had an inhibitory impact on T24 and EJ cell proliferation. To discover the mechanism involved, we conducted cell cycle analysis using flow cytometry. Cell cycle analyses demonstrated that ADSC-CM exposure caused S-phase arrest in T24 and EJ cells and deregulation of cyclin A and CDK1, which are essential for the S to G2/M transition. ADSC-CM-treated T24 and EJ cells did not progress into G2-M phase, were arrested in S phase, failed to accomplish normal mitosis, and ultimately perished by apoptosis.

Cyclin A accumulated at the G1/S phase transition and persisted through S phase. Cyclin A was initially associated with CDK2 in the late S phase, and was then associated with CDK1. Cyclin A-associated kinase activity is required for entry into S phase, the completion of S phase, and entry into M phase (Wenzel and Singh, [@B31]). Cyclin A and CDK1 dysfunction provides an additional explanation for the S phase arrest induced by ADSC-CM. There was also some evidences that cyclin A and CDK1 began to form in late S phase and were overexpressed in G2 phase, resulting in the progression from S phase to G2/M phase (Braun and Zischka, [@B1]; Yam et al., [@B33]; Zheng and Yu, [@B39]).

Apoptosis and cell cycle arrest are two different mechanisms involved in the induction of cell death (Choi et al., [@B5]; Jung et al., [@B15]; Masuda et al., [@B20]; Salha et al., [@B24]; Zhang et al., [@B38]). We found increased apoptosis in T24 cells in the ADSC-CM groups than those in the T24-CM groups and that caspase 3/7 expression was significantly increased. Among the caspase family, caspase 1, caspase 11, and possibly caspase 4, are not directly involved in the transduction of apoptotic signals, they are mainly involved in the activation of interleukin precursors; caspase 2, caspase 8, caspase 9, and caspase 10 were involved. The initiation of apoptosis: caspase 3, caspase 6, and caspase 7 are involved in the initiation of apoptosis, and caspase 3 and 7 have similar substrate polymerases that are involved in DNA repair and monitor gene integrity.

At the initiation of apoptosis, the 116 kDa PARP protein is cut between Asp216-Gly217 into 31 kDa and 85 kDa fragments by caspase-3, making two zinc finger structures that bind to the DNA of PARP separated from the catalytic region at the carboxy terminus, which fails to function normally. As a result, the activity of Ca^2+^/Mg^2+^-dependent endonuclease, which is affected by the negative regulation of PARP, is increased, and DNA between nucleosomes is cleaved, causing apoptosis (Julien and Wells, [@B14]; Kim and Kim, [@B16]; Orning et al., [@B22]; Zeng et al., [@B36]; Zhu and Li, [@B40]). Based on these results, we suggest that ADSC-CM induced T24 cell apoptosis via the caspase-3/7 pathway.

Aberrant activation of the Wnt/β-catenin signaling pathway often occurred during the initiation and progression of BT (Chen et al., [@B4]; Pei et al., [@B23]). As we know, Wnt/β-catenin pathway was inactive due to inhibition of β-catenin expression and translocation to nucleus. Wnt/β-catenin signaling is one of the important molecular mechanisms to regulate cell proliferation, invasion, and differentiation through β-catenin protein, which is an important signaling molecule in the Wnt/β-catenin pathway (Sumithra et al., [@B26]; Tai et al., [@B28]). β-catenin accumulates in the cytoplasm and translocates to the nucleus, and then activates downstream target genes, such as c-myc and cyclin D1. In our study, we observed that ADSC-CM inhibited the nuclear translocation of β-catenin in T24 cell, which leads to suppression of Wnt/β-catenin signaling pathway.

Conclusion {#s020}
==========

In summary, our results demonstrated that ADSCs could obviously inhibit the proliferation of T24 and EJ cells in a dose-dependent manner through apoptosis and S-phase arrest. The antiproliferative effect of ADSCs appeared to be associated with the secretion of soluble factors that were involved with caspase-3/7 and Wnt/β-catenin signaling pathway. Further research was needed to clarify which soluble factor or EVs worked and whether it possessed the same effect on other BT *in vivo*.
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